Introduction
============

Posterior ankle pain is a multifaceted condition that can pose a major concern among young and middle-aged patients ([@b1-etm-0-0-9006]). Haglund\'s deformity, first described by the Swedish physician Patrick Haglund in 1928([@b2-etm-0-0-9006]), is defined as an inflammation of the bursa in the posterior calcaneus, which can lead to repetitive mechanical impacts between the posterior calcaneus and Achilles tendon ([@b3-etm-0-0-9006]). The inflammation can cause pain and swelling, which may affect the patient\'s ability to work or exercise ([@b4-etm-0-0-9006]).

Both conservative and surgical methods are used for the treatment of Haglund\'s deformity. Patients showing poor response to conservative treatment can undergo surgery to remove the abnormally prominent posterior calcaneus and the subcondylar inflammatory bursa ([@b5-etm-0-0-9006]). Due to its continual development and improvements, endoscopy is becoming increasingly popular ([@b6-etm-0-0-9006],[@b7-etm-0-0-9006]), which can be performed using two- and three-portal techniques ([@b8-etm-0-0-9006]).

Isokinetic muscle strength test implemented on the Biodex system ([@b9-etm-0-0-9006]) is a method used for evaluating and testing muscle function that has been applied in clinical research in sports and rehabilitation medicine ([@b10-etm-0-0-9006],[@b11-etm-0-0-9006]). However, to the best of our knowledge, it has not been previously applied for evaluating Haglund\'s deformity. This test can be applied to the plantar flexors and dorsiflexors of the ankle joint to evaluate muscle strength and endurance, providing reliable clinical evidence of patient rehabilitation after endoscopic calcaneoplasty ([@b12-etm-0-0-9006]). In the present study, Biodex system test results, American Orthopaedic Foot and Ankle Score (AOFAS) values and visual analog scale (VAS)scores ([@b13-etm-0-0-9006],[@b14-etm-0-0-9006]) were all obtained from each patient to compare muscle strength and performance before surgery, then 3 and 6 months after surgery. The aim of the present study was to assess the effectiveness of the Biodex system in determining postoperative recovery for treating Haglund\'s deformity.

Patients and methods
====================

### Patients

A retrospective (medical records), level 3 evidence study was performed to evaluate the outcomes of patients who underwent endoscopic surgery for Haglund\'s deformity. The present study included 34 patients (age range, 15-44 years; mean age, 31.3±11.6 years; sex, 30 men and 4 women) who were diagnosed with Haglund\'s deformity and were treated by the authors from June 2012 to November 2018 at the Peking University Third Hospital (Beijing, China). All patients, 2 of whom were professional athletes, underwent conservative therapy initially, including physical therapy, calf and ankle muscle strength exercises and oral anti-inflammatory analgesics. Patients aged \>45 years, suffering with diseases involving the Achilles tendon and with Achilles tendon rupture were all excluded. The present study was approved by the Peking University Third Hospital\'s ethics committee. Written informed consent was obtained from all patients, parents or guardians of the patients prior to the present study. The rights of the patients were protected.

### Diagnosis

Patients were diagnosed based on subjective complaints, combined with clinical and radiological examinations. Radiological measurements for this disease include the Fowler-Phillip angle, calcaneal pith angle, parallel pitch lines, Chauveaux-Liet angle and the X/Y ratio ([@b15-etm-0-0-9006]). Haglund\'s deformity would be suspected in cases where the lateral angle between the plantar and posterior borders of the calcaneus, also known as Fowler-Phillip angle, \>75˚ ([@b15-etm-0-0-9006]). For the examinations performed in the present study, the upper part of the calcaneal nodule (noncalcaneus nodules) exhibited obvious tenderness at 2-3 cm and posterior protrusion of the calcaneus. MRI confirmed the abnormal ridge of the posterior calcaneus and the presence of collateral fluid in the Achilles tendon. Suspected peep or partial tearing of the Achilles tendon was observed in some patients. All patients exhibited soft tissue swelling in or around the Achilles tendon and pain in the stretched tendon.

### Surgical technique

To prepare for the endoscopic procedure, each patient was placed in the prone position under lumbar anesthesia. In the present study, endoscopic calcaneoplasty was performed using the two-portal technique. A tourniquet was applied to the lower extremity, where 5-mm-long portals were made on the inner and outer edges of the Achilles tendon at the posterior calcaneus level to insert the endoscopes and surgical instruments. Surgical instruments applied in the present study were as follows: i) Endoscope, Smith & Nephew 560P High Definition Camera System; ii) power equipment for blades and burr, Smith & Nephew Dyonics Power II Control System; iii) blades, Smith & Nephew Dyonics 4.5 mm Synoblator blade platinum series (cat. no. 72203523); and iv) burr (cat. no. 7205324), Smith & Nephew Dyonics 4.0 mm abrader burr (All from Smith & Nephew plc.). In general, endoscopes were inserted directly into the anterior sac of the Achilles tendon to observe the inflammation of the synovium. For some patients in the present study, planers were required to clean portions of the adipose tissue on the ventral side so that the Achilles tendon and calcaneus could be revealed completely. The cartilage of the posterior superior calcaneus from 64.3% of the patients was observed to be degenerated ([Fig. 1](#f1-etm-0-0-9006){ref-type="fig"}). During ankle dorsiflexion, posterior calcaneus collided with the Achilles tendon in all patients ([Fig. 2](#f2-etm-0-0-9006){ref-type="fig"}). The prominent posterior calcaneus was then polished to a flat or slightly concave shape using a burr and the distal end of the calcaneus in front of the Achilles tendon was resected ([Figs. 3](#f3-etm-0-0-9006){ref-type="fig"} and [4](#f4-etm-0-0-9006){ref-type="fig"}). This can completely halt the collision action on dorsiflexion. Finally, the portals were flushed and closed using pressure-wrapped cotton and a splint.

### Postoperative care

The plaster was removed 3 weeks after surgery. The patients were instructed to wore shoes with a 2-cm-thick pad to walk using their full weight for 9 weeks, whilst scheduled activities such as lifting exercises were performed in parallel. Recreational activities or special training was gradually resumed after 3 months.

### Anthropometric measurements

Isokinetic strength tests were conducted using the Biodex system 1 week before surgery and then 3 and 6 months after surgery. Accordingly, AOFAS values and VAS scores were also obtained preoperatively and at 3- and 6-month follow-ups. MRI and X-ray were used to examine the patients after 5 months. Self-evaluations of recovery were also recorded from each patient, including the time taken for the recovery of daily life (months), recovery of abilities to exercise (months) and work (months).

All isokinetic strength tests were performed using the same dynamometer (Biodex System 3-Dynamometer; Biodex Medical Systems, Inc). The dynamometer was used to measure the maximum torque of the affected ankle at 60 and 120˚/sec before surgery and 3 and 6 months after surgery. The patients performed a low-resistance warm-up for 5 min on a bicycle before the test. Seated in a chair at 90˚, each patient\'s lower limbs were weighed before the test, following which the results were adjusted in accordance with the weight of the lower limbs to exclude the effect of gravity during limb movement. The total range of motion was 120˚, set from 120˚ to 0˚ of leg flexion. Each patient performed three submaximal contractions at 60˚/sec for warm-up, followed by a 30-sec rest before five maximal contractions at 60˚/sec. After a 1-min rest, the patients then performed three submaximal contractions at 180˚/sec, followed by a 30-sec rest before five maximal contractions at 180˚/sec. The uninjured side was tested first, the results of which were used as the control. The injured side was tested within 2 min after testing the uninjured side.

### Data analysis

The peak extension and flexion torques for both ankles as obtained using the Biodex system, along with AOFAS values and VAS scores, were evaluated for all patients. Wilcoxon signed rank test was used to analyze the difference between the uninjured and injured sides in terms of the AOFAS values and VAS scores evaluated preoperatively and those evaluated at the 3 and 6 months postoperatively. Friedman\'s test followed by Nemenyi\'s test with Bonferroni\'s correction was performed for comparing the AOFAS and VAS scores before the operation, 3 and 6 months after the operation. P\<0.05 was considered to indicate a statistically significant difference. Statistical analysis was performed using the SPSS software (version 23.0; IBM Corp.).

Results
=======

### Biodex system results

Isokinetic strength test conducted on both the injured and uninjured sides of the patients using the Biodex system before surgery, then 3 and 6 months after surgery. No significant differences were observed between the injured and uninjured sides in dorsiflexion torque at 60 or 120˚/sec ([Tables I](#tI-etm-0-0-9006){ref-type="table"} and [II](#tII-etm-0-0-9006){ref-type="table"}). Conversely, significant differences were observed between the injured and uninjured sides in plantarflexion torque at 120 and 60˚/sec before surgery (P=0.036 and P=0.040, respectively). At 3 months after surgery, a significant difference remained between the two sides tested in plantarflexion torque at 120˚/sec (P=0.025). However, the difference between the two sides at 60˚/sec was not found to be significant (P=0.459). At 6 months after surgery, no significant differences were found between the injured and uninjured sides in plantarflexion torque at 120 or 60˚/sec.

### AOFAS and VAS results

The AOFAS values and VAS results obtained at the follow-up time points exhibited a consistent trend with the results obtained from the Biodex system ([Table III](#tIII-etm-0-0-9006){ref-type="table"}). Significant differences were observed among in those before surgery, 3 and 6 months after surgery (P\<0.001 and P\<0.001, respectively). Specifically, compared with those before surgery, the AOFAS values and VAS scores increased, 3 and 6 months after surgery. At 3 months, the AOFAS values and VAS results reached 89.0±3.8/100 (range, 79-95; P\<0.001 vs. before surgery) and 3.1±0.6/10 (range, 2-5; P=0.002 vs. before surgery), respectively. At 6 months, the AOFAS values and VAS scores reached 93.7±3.3/100 (range, 85-100; P\<0.001 vs. before surgery; P\<0.001 vs. 3 months after surgery) and 1.5±0.4/10 (range, 1-2; P\<0.001 vs. before surgery; P\<0.001 vs. 3 months after surgery), respectively. This corresponded to an improvement of 29.3 in the AOFAS value and a reduction of 3.0 points in the VAS from the mean preoperative scores.

### Patient self-assessment

The results of the patient self-assessment were also found to be consistent with the results obtained using the Biodex system. During the follow-up period, the patients reported that they recovered living and athletic capacity within 2.7±1.5 and 6.6±3.0 months, respectively, on average. MRI was used to confirm the abnormal ridge of the posterior calcaneus and the collateral fluid in the Achilles tendon during the follow-up period ([Fig. 4](#f4-etm-0-0-9006){ref-type="fig"}). Most patients reported alleviation of pain at the final follow-up. Specifically, in terms of pain 15 patients recovered within 3 months, 17 recovered within 4-6 months, but 2 showed no recovery.

Discussion
==========

A number of studies have previously reported isokinetic dynamometry to be a reliable procedure for evaluating ankle joint function ([@b20-etm-0-0-9006]). Although studies have been performed using isokinetic dynamometry to evaluate ankle function in patients with other diseases, including sciatica ([@b23-etm-0-0-9006]), and rheumatoid arthritis ([@b24-etm-0-0-9006]), studies applying this procedure to assess Haglund\'s deformity remain insufficient. In general, torque testing at 60 and 120˚/sec are associated with strength and power parameters, respectively ([@b25-etm-0-0-9006]). In the present study conducted on patients with Haglund\'s deformity, the results revealed no significant differences between the injured and uninjured sides in terms of dorsiflexion torque at 60 or 120˚/sec. these findings indicate that this disease does not hinder dorsiflexion strength but instead affects plantarflexion strength. Before surgery, the plantarflexion torque at 60 and 120˚/sec varied significantly between the injured and uninjured sides. At 3 months after surgery, the plantarflexion torques at 60˚/sec were almost identical on both sides, suggesting no significant difference. However, torques at 120˚/sec differed significantly between the two sides 3 months after surgery. This indicates that although patients had recovered extensor muscle strength for slower movements, the ability to adapt to fast movements was not yet recovered within 3 months of surgery. Although their normal day-to-day functions were restored, difficulties remained in resuming work. The results showed no statistically significant differences in plantarflexion torque at 60 or 120˚/sec between the two sides 6 months after surgery. The strength of the extensors on the injured side was found to be almost identical compared with that on the uninjured side, such that the patients could resume normal exercise and work. The AOFAS values and VAS scores in addition to patient self-assessment regarding recovery time also exhibited a consistent trend with the Biodex results during the follow-up period, further demonstrating the validity of the results obtained using the Biodex system.

Conventional treatment for Haglund\'s deformity involves resting, wearing modified shoes, medical therapy and in selected cases, surgery ([@b26-etm-0-0-9006]). Open surgery is no longer executed due to the trauma it causes and the relatively high risk of infection ([@b27-etm-0-0-9006]). Endoscopic surgery is commonly performed and has been reported to engender notable improvements with limited complication rates of ankle surgeries ([@b28-etm-0-0-9006]). Additionally, it also provides an optimal view of the pathological posterosuperior calcaneal region using small incisions.

Results from the present study also confirmed that the postoperative care plan was reasonable and effective. The patients could wear shoes with 2-cm-thick pads 3 weeks after surgery for 9 weeks, perform some exercises and walk using their entire weight. After 3 months, the patients reported recovery of living capacity, where they gradually resumed recreational activities or special training. Recovery of athletic capacity was reported after 6 months.

Limitations exist regarding the present study. The sample size was relatively small and therefore more cases are required to obtain more representative research findings. The diagnosis of Haglund\'s deformity of the Achilles tendon remains controversial. Recognized diagnostic criteria have yet to be established, where physicians perform diagnoses subjectively on the basis of their own judgment. Although the Fowler-Philip angle was measured as a diagnostic factor, previous studies have revealed that its correlation with clinical symptoms is low, with the false negative rate reaching 85-100%. As a result, its accuracy as a diagnostic and predictive indicator remains poor ([@b31-etm-0-0-9006]). Additionally, the Fowler-Philip angle exceeded 75˚ in only three patients in the present study, further suggesting its unreliability in diagnosing Haglund\'s deformity.

Pavlov *et al* ([@b16-etm-0-0-9006]) considered that the degree of bulging of the posterior calcaneus is the most important symptom when the parallel pitch line is used as a measurement index. The degree of kyphosis of the calcaneus exceeded the parallel pitch line in all patients in the present study, suggesting that the parallel pitch line is more reliable for diagnosing Haglund\'s deformity. MRI can also clearly show the degree of kyphosis, its relationship with the Achilles tendon and the swelling of the Achilles tendon. Therefore, Haglund\'s deformity was diagnosed comprehensively in the present study by evaluating the clinical manifestations, X-ray examination and MRI results.

To conclude, findings from the present study suggest that using the Biodex system for isokinetic muscle testing can dynamically reflect the postoperative recovery of patients with Haglund\'s deformity after endoscopic calcaneoplasty.
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![Arthroscopic view of the degenerated cartilage of the posterior superior calcaneus. Arrow indicates the damaged cartilage-like surface of the exostosis.](etm-20-03-2805-g00){#f1-etm-0-0-9006}

![Representative images showing the intraoperative and postoperative arthroscopic view. (A) Significant effusion as revealed by an intraoperative arthroscopic exploration of the Achilles tendon sac. Arrow indicates the synovium on the surface of the calcaneum. (B) Intraoperative angioplasty revealing nodular swelling of the posterior calcaneus. Upper arrow indicates the location of the burr used during endoscopic calcaneoplasty for Haglund deformity. Lower arrow indicates the preoperative surface of the posterior calcaneus with nodules. (C) Nodules formed on the posterior calcaneus. Arrow indicates location of the cutter cleaning up bone debris after calcaneoplasty. (D) Nodules formed on the posterior calcaneus. The posterior calcaneus and the Achilles tendon no longer collided. Left arrow indicates the postoperative posterior calcaneus with nodules. Right arrow indicates ventral side of the insertion of the Achilles tendon.](etm-20-03-2805-g01){#f2-etm-0-0-9006}

![Representative preoperative and postoperative lateral radiographs. (A) Lateral radiograph taken 1 month prior to operation showing substantial posterosuperior calcaneal prominence. Arrow indicates location of the nodule. (B) Lateral radiograph taken 5 months after operation showing the complete resection of the bony prominence. Arrow indicates the location of the deformed surface. R, right foot.](etm-20-03-2805-g02){#f3-etm-0-0-9006}

![Preoperative and postoperative sagittal plane MRI images. (A) Sagittal plane MRI taken 1 month prior to operation showing notable posterosuperior calcaneal prominence. Arrow indicates the swollen synovium on the ventral side of the Achilles tendon caused by effusion due to inflammation. (B) Sagittal plane MRI taken 5 month prior to operation showing complete resection of the bony prominence. Arrow indicates the location of the postoperative posterior calcaneus with the prominent parts removed, where the swollen inflamed synovium also disappeared.](etm-20-03-2805-g03){#f4-etm-0-0-9006}

###### 

Comparison of torque at 120˚/sec between the injured and uninjured sides of 34 patients before and 3 and 6 months after surgery.

                           Plantar flexor               Dorsal flexor                          
  ------------------------ ---------------- ----------- --------------- ----------- ---------- -------
  Before surgery           28.5±11.6        22.3±7.2    0.036           17.9±10.1   14.5±6.4   0.073
  3 months after surgery   29.5±15.2        22.9±10.1   0.025           18.2±10.3   15.4±9.1   0.099
  6 months after surgery   30.4±16.1        25.7±11.4   0.061           17.4±6.2    16.0±8.4   0.151

###### 

Comparison of torque at 60˚/sec between the injured and uninjured sides of 34 patients before and 3 and 6 months after surgery.

                           Plantar flexor               Dorsal flexor                           
  ------------------------ ---------------- ----------- --------------- ----------- ----------- -------
  Before surgery           26.5±9.6         20.8±6.0    0.040           19.8±12.0   16.5±8.9    0.579
  3 months after surgery   27.2±11.2        25.6±15.1   0.459           18.7±12.2   7±9.6       0.786
  6 months after surgery   27.7±10.6        26.5±16.3   0.827           20.9±9.7    19.4±10.7   0.290

###### 

AOFAS values and VAS scores obtained from the 34 patients 1 week before and 3 and 6 months after surgery.

  Score type   Pre-operation   3 months after surgery                                   6 months after surgery
  ------------ --------------- -------------------------------------------------------- -----------------------------------------------------------------------------------------------------
  AOFAS        64.4±4.5        89.0±3.8^[a](#tfn1-etm-0-0-9006){ref-type="table-fn"}^   93.7±3.3^[c](#tfn3-etm-0-0-9006){ref-type="table-fn"},[e](#tfn5-etm-0-0-9006){ref-type="table-fn"}^
  VAS          4.5±0.9         3.1±0.6^[b](#tfn2-etm-0-0-9006){ref-type="table-fn"}^    1.5±0.4^[d](#tfn4-etm-0-0-9006){ref-type="table-fn"},[f](#tfn6-etm-0-0-9006){ref-type="table-fn"}^

^a^P\<0.001 vs. before surgery.

^b^P=0.002 vs. before surgery.

^c^P\<0.001 vs. before surgery.

^d^P\<0.001 vs. before surgery.

^e^P\<0.001 vs. 3 months after surgery.

^f^P\<0.001 vs. 3 months after surgery. AOFAS, American Orthopaedic Foot and Ankle Score; VAS, visual analog scale.

[^1]: ^\*^Contributed equally
